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Abstract Pulmonaryedema followingreexpansionof spontaneouspneumothoraxis anuncommoncomplication.The
underlyingmechanism of this condition is unclear.We report the hemodynamic characteristics in a series of 7 male pa-
tientswith spontaneous large (450%) pneumothoraces ofX24 h and correlate the changeswithreexpansion pulmon-
ary edema (REPE). A pulmonary artery floatation catheter was inserted and hemodynamic datawere obtained before
therapeuticchesttubeinsertion,1h afterchesttubeinsertion andthe followingday.Four (57%) patientsdevelopedREPE.
Therewas a tendency for larger pneumothorax to develop REPE.Capillary wedge pressure did notchange significantly
1h after the insertion of chest tube in all our patients.Cardiac output increased significantly in patients who developed
REPE compared to thosewho did not (+1.06 l/min vs0.27 l/min; P= 0.03) 1h after insertion of chest tube.One patient
didnotdevelop pulmonaryedema despite havinga large (480%) pneumothorax.His cardiacoutputdidnotrise1h after
chesttubeinsertion.REPEisnot anuncommoncomplicationfollowingchesttube drainageinpatientswithlarge andlong-
standing pneumothorax.The increase in cardiac output after chest tube insertion may be associated with subsequent
developmentof REPE.r2002 Elsevier Science Ltd
doi:10.1053/rmed.2002.1301, available online athttp://www.idealibrary.comon
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Reexpansion pulmonary edema (REPE) uncommonly oc-
curs following expansion of the lung after treatment of
conditions, such as hemopneumothroax (1), large pleural
e¡usion (2), after resection of a thoracic tumor (3), pneu-
mothorax (4^6) or even during single-lung ventilation
(7). However, the majority are associated with treat-
ment of spontaneous pneumothorax. The incidence of
REPE associated with pneumothorax varies from 0.9 to
20 per cent (5, 6). In some cases, shock (4, 6, 8) may de-
velop as a result of hypovolemia, low cardiac output and
peripheral vasodilatation. The pulmonary edema is be-
lieved to be due to increasedpermeability of the alveolar
membrane with exudation of £uid into the lung or as a
result of an in£ammatory response. Therefore, the pul-
monary capillary wedge pressure is not elevated. How-Accepted18 January 2002.
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Singapore.ever, the hemodynamic alteration of lung reexpansion is
unclear. Therefore, we studied these characteristics
among patients with pneumothorax and documented
these changes following lung reexpansion.
METHODS
Patients
The study protocol has been approved by the ethics
committee and informed consent was obtained. Seven
male patients with pneumothorax forX24h in duration
and a size of X50% were recruited. Onset of pneu-
mothorax was determinedby the timewhen initial chest
pain or breathlessness began. The presence and size of
pneumothorax was con¢rmed on chest X-ray. Subse-
quently, the amount of pneumothorax was quanti¢ed
basedon the average interpleural distances and a conver-
sion table (9).Chest X-ray was taken daily andreadby an
experiencedchestphysicianblinded to thehemodynamic
data, to evaluate for the presence of pulmonary edema.
Pulmonary edema was de¢ned as in¢ltrate which devel-
oped within 24h after the insertion of chest tube in the
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out the use of antimicrobial agents.
Hemodynamicmeasurements
All patients were admitted into intensive care unit
for the insertion of the pulmonary artery £oatation
balloon catheter (at the same side of pneumothorax)
and chest tube.The followingparameterswere recorded
at steady state and averaged over ¢ve beats; right atrial,
right ventricular, pulmonary arterial and pulmonary
capillary wedge pressures. Blood from the radial or
femoral artery, right atrium, right ventricle and pulmon-
ary artery were drawn for gas analysis. Cardiac output
was then measured by the thermodilution method.
An average of three readings was taken during steady
state. A chest tube was then inserted to treat the pneu-FIG 1. The change in cardiac output from baseline to 1h after
insertion of chest tube: (OFFO) mean cardiac output for
group with REPE; (XFFX) mean cardiac output for group
without REPE; (~- - - - - -~) cardiac output for individual pa-
tient without REPE; (- - - - - -) cardiac output for individual pa-
tientwith REPE;REPE = reexpansionpulmonaryedema.
TABLE 1. Baseline characteristics of allpatients
Patient Age
(years)
Size of
pneumothorax
(%)
Side of
pneumothorax
Side
PAC
1 73 80 L L
2 24 100 R R
3 23 70 L R
4 68 50 R R
5 33 40 R R
6 26 49 R L
7 63 70 R R
Average 44.3 65.6
Note:PAC= pulmonary arterial catheter;BP = bloodpressu
diastolic/mean;PCWP= pulmonarycapillary wedge pressure;Cmothorax using an underwater seal. No suction was
used.The pressure parameters andbloodgases were re-
peated1h after the chest tube insertion, and on the fol-
lowing day. However, the right ventricular pressure was
not remeasured so as not to alter the position of the ca-
theter.
Statistics
All statistical calculation was performed on Statistical
Package Social Sciences version10 (Chicago, IL).We used
the non-parametric Mann^Whitney U-test to evaluate
the various parameters before chest tube insertion and
the change in the same parameters1h after insertion of
chest tube.The alpha level was set at 0.05.
RESULTS
Baseline characteristics
Of seven patients, four (57%) developed REPE. There
was no signi¢cant di¡erence in baseline demographic
characteristics and hemodynamic parameters between
the group of patients with or without REPE (Table1). Pa-
tient1had a lowbaseline cardiac output and PCWPwith-
out clinical signs of dehydration. In addition, three
patients had previous pulmonary tuberculosis (two in
the REPE group and one in the non-REPE group) and no
patient had asthma.
The etiology of the pneumothorax was spontaneous
in all of the patients.There was no history of exacerba-
tion of asthma, reactivation of tuberculosis or trauma.
Five of the pneumothoraces were on the right while
two were on the left with one in each group. Chest X-
rays performed1h after the insertion of chest tube did
not demonstrate any in¢ltrates.of BP
(mmHg)
Mean RA
pressure
(mmHg)
PApressure
s/d/m
(mmHg)
Mean
PCWP
(mmHg)
CO
(l/min)
149/90 3 30/12/22 6 1.75
101/70 0 17/6/9 1 3.50
122/65 7 18/7/12 6 5.50
169/96 13 55/22/34 20 3.80
109/69 3 21/7/13 7 3.66
115/68 12 36/21/27 13 6.04
109/62 5 31/12/19 11 4.14
125/74 6 29/12/19 9.1 4.06
re;RA = right atrial;PA = pulmonary artery; s/d/m= systolic/
O= cardiacoutput;L = left;R = right
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Of those with REPE, pneumothoraces were 470% in
three patients. However, there was no signi¢cant di¡er-
ence in size of the pneumothorax between those with
and without REPE (72.5 vs 56.2%, respectively;
P=0.29). All patients remained hemodynamically stable
without the need for mechanical ventilation. Treatment
was generally supportive. Daily chest X-rays con¢rmed
gradual spontaneous resolution of REPE.
Compared tobaseline (Table 2), therewere alsono sig-
ni¢cant di¡erences in any of the hemodynamic para-
meters 1h after insertion of chest tube between those
with andwithoutREPE (Table 3).Therewas no di¡erence
in PaO2 between the groups before, after and the next
day. However, among those with REPE, cardiac output
increased by1.06 l/min (Fig.1).Conversely, cardiac output
fell by 0.27 l/min among patients who did not develop
REPE (P=0.03). Patient 1, who presented with a large
pneumothorax (80%), did not have an increase in cardiacTABLE 2. Baseline characteristics of patientswith andwithout
Groupwith REPE
Age (years) 44.5
Size (%) 72.5
HR (bpm) 86
BP systolic (mmHg) 125
BPDiastolic (mmHg) 73
RAP Systolic (mmHg) 6.25
RVPMean (mmHg) 12
PAPMean (mmHg) 19
PWCPMean (mmHg) 9
CO (l/min) 4.2
Arterial PO2 (mmHg) 69
Note: HR= heart rate; BPM= beats per minute; BP = blood
pressure; PAP = pulmonary arterial pressure; PWCP= pulmona
eexpansionpulmonaryedema
TABLE 3. Changes in arterial blood oxygen andvarioushemod
Change inparameters Groupwith REPE
CO (l/min) 1.06
HR (bpm) 5.50
Systolic BP (mmHg) 12.00
Diastolic BP (mmHg) 5.50
Mean RAP (mmHg) 3.50
Mean PAP (mmHg) 4.75
PCWP (mmHg) 1.50
PaO2 (mmHg) 4.25
Note:REPE = reexpansionpulmonaryedema;CO= cardiaco
pressure; RAP = right atrial pressure; PAP = pulmonary arter
PaO2 = arterialpartialpressure of oxygen.output at 1h after chest tube insertion and did not
develop REPE. There was no complication from these
measurements.
DISCUSSION
This study showed that REPE is more common than ex-
pected in large and long-standing pneumothoraces. Sec-
ondly, cardiac output increased after therapeutic
thoracocentesis in patients who subsequently developed
REPE. This edema developed in the absence of elevated
pulmonary capillary wedge pressure.
To our knowledge, this is the only series in human
where the changes in hemodynamic characteristics dur-
ing REPE are documented.Our incidence of REPE (57%)
is higher than the other reported series (5,6).This could
be due to the fact that our patients had bigger pneu-
mothoraces, similar to patients with large pleural e¡u-
sion (2). Interestingly, REPE occurred in areas of lungreexpansionpulmonaryedema
Groupwithout REPE P-value
44 0.48
56.3 0.29
72 0.29
124 0.86
76 0.72
6 0.72
13 0.48
21 0.48
9 0.86
3.8 0.72
85 0.29
pressure; RAP = right atrial pressure; RVP = right venticular
ry capillary wedge pressure; CO= cardiac output; REPE = r-
ynamic parameters1h after insertion of chesttube
Groupwithout REPE P-value
0.27 0.034
5.70 0.86
3.30 0.21
5.30 0.07
0.30 0.71
2.00 0.16
0.67 0.72
1.83 0.48
utput;HR= heart rate; bpm= beats perminutes;BP = blood
ial pressure; PCWP= pulmonary capillary wedge pressure;
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which resulted in an unusual pattern of the pulmonary
in¢ltrate.This ¢nding suggested that local hypoxiamight
be a contributing cause for the development of REPE. So
when the pneumothorax is larger, the risk of hypoxia is
greater leading to a higher likelihood for REPE to occur.
Themechanism for hypoxia to induce pulmonary edema
is believed to bemediated by oxygen free radicals.These
substances increase microvascular pressure and perme-
ability facilitating the development of REPE (10^12) Un-
like pleural e¡usion, pneumothorax tends to cause the
lung to collapse in a uniformmanner and the pattern of
REPE is di¡use following reexpansion of a large pneu-
mothorax.
The other possible explanation for the high incidence
of REPE observed in our study could be the prolonged
duration of lung collapse from pneumothorax (13). All
our patients had pneumothorax for424h. Indeed, the
duration of lung collapse contributing to the develop-
ment of pulmonary edema may in part be explained in
an animal model. Koike et al. (14) found that there was
increased lymphatic £ow in sheep lungs that have been
collapsed for 24h. But this increase was absent in lungs
that have been collapsed for only 2h.Upon reexpansion,
therewas again an increase in lymphatic £owof lung that
was collapsed for 24h only.
We observed that an increase in the cardiac output1h
after the insertion of chest tube was associated with
subsequent development of REPE.The temporal associa-
tion between the increase in cardiac output and subse-
quent development of REPE suggests a possible
contributing relationship.This hypothesis is further sub-
stantiated by the patient with a large pneumothorax
who did not develop REPE as there was no change in his
cardiac output.While hypoxia may account, at least in
part, for the development of pulmonary edema in col-
lapsed lung segments, the injured lungmay bemore sus-
ceptible to the hemodynamic changes. In addition, there
may be some degree of reperfusion injury, as demon-
strated by another animalmodel (15). In this study, there
was a progressive increase in endogenous catalase activ-
ity, re£ection oxygen free radical production, for up to 7
days in the collapsed lung. Furthermore, 2h after reex-
pansion, there was again an increased release of hydro-
gen peroxide suggesting an increase in endogenous
catalase activity.This ¢nding suggested that oxygen free
radicals were not only produced during periods of ische-
mia, but also during reperfusion contributing to reperfu-
sion injury.To prevent this reperfusion injury, iodoxamide
tromethamine, a mast cell stabilizer that has previously
been found to reduce ischaemia/reperfusion injury fol-
lowingmyocardial infarction (16) was used in another an-
imal experiment (17).This drug was administered to the
lungs of rabbits with pneumothorax. In the lung of the
treated rabbits, there was a signi¢cant lower albumin
concentration as well as polymorphonuclear cells in thealveolar £uid after reexpansion, suggesting that reperfu-
sion injury wasminimized.
Our observation also demonstrated no change in the
PCWP in the patients who developed REPE. Nonethe-
less, the increase in cardiac outputmay lead to highermi-
crovascular pressure. Together with a more permeable
damaged alveolar-capillary membrane, £uid may leak
out even in the setting of a normal PCWP resulting in
REPE.
CONCLUSION
REPE is not an uncommon complication following treat-
ment of a large and long-standing pneumothorax. The
risk of developing this complication appears to elevate
with increasing pneumothorax size. Of the various he-
modynamic parameters measured, increase in cardiac
output following drainage of the pneumothorax is asso-
ciated with the subsequent development of REPE. The
reason for the increase in cardiac output and the under-
lyingmechanismsresulting in REPE is still unclear and re-
quires further study.
Physicians treatingpneumothoraces shouldbe alert to
the propensity of a large pneumothorax to develop
REPE. This ¢nding can have a bearing on video-assisted
thoracoscopic surgery as the size of the collapsed lung
maybe large.Despite theminimal period of collapse, pa-
tients may still be at an increased risk of developing
REPE.
Study limitations
While our series is one of the largest to have invasively
monitored the hemodynamic changes of pneumothorax,
it su¡ers from a small sample size due to the invasive nat-
ure of the study.
We have used thermodilution technique to measure
the cardiac output in our patients. Although this is not
the referencemethod formeasuring cardiac output, this
served as an adequate measure for trend of change in
cardiac output in our patients. It also correlateswellwith
Fick’smethod under normal circumstances.However, its
use in the presence of pneumothorax has not been vali-
dated. It is di⁄cult and cumbersome to perform a full di-
rect Fick’s cardiac output, although this would be the
more accurate method of determining cardiac output.
In the modi¢ed Fick’s method, the oxygen consumption
is assumed.This assumed value varies depending on the
data used. Furthermore, the data are largely derived
frombasalmetabolic rate studies on normal resting sub-
jects which are, therefore, not applicable to our pa-
tients.
While it is unnecessary for all pneumothorax patients
to have a balloon £oatation catheter inserted, this study
illustrates one of the many possible underlying mechan-
ELEVATEDCARDIACOUTPUT INRE-EXPANSIONPULMONARYEDEMA 465isms accounting for this complication, and the ability to
predict patients whomay develop pulmonary edema.
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